A survey of quasar absorbers was conducted using the Infrared Astronomical Satellite (IRAS) database. Quasars with known intervening absorption-line systems and broad absorption line (BAL) QSOs were selected primarily from the Junkkarinen, Hewitt & Burbidge catalog (1991). Of the 570 quasars with IRAS data, 52 showed 3 or better detections in at least one band in SCANPI analysis. The origin of the IRAS ux could be from the absorption line systems, other galaxies or the quasar itself. The spectral energy distributions for quasars detected in the absorption-line sample and BAL QSOs were found to be redder than those of two control samples which suggests that some of the IRAS ux may arise in dust associated with the intervening galaxies.
{ 2 { presence of the Mg II absorber, we discuss future observations which may help explain our results.
Introduction
Quasar metal-line absorption systems are believed to originate in the interstellar medium of intervening galaxies along the line of sight to the quasar (Bergeron and Boisse 1991; . The study of the properties of the quasar absorber galaxies therefore gives insight into the gas content, star-formation rates and star-formation histories in galaxies at high-redshift. At redshifts z > 1, normal galaxies are exceedingly faint optically, and the most luminous, star-forming systems may be radiating most of their energy in the far infrared. However, gas-rich galaxies at high z are easily detectable through redshifted UV absorption-lines in the spectra of background quasars: hundreds of so-called quasar absorption-line systems are known. Two developments made us think about ways to use the IRAS database to study these systems. First, the discovery of the z = 2.238 galaxy IRAS F10214+4724 (Rowan-Robinson et al. 1991) shows that galaxies do exist at the redshifts probed by quasar absorption-line systems, with far-IR emission that is detectable with IRAS, although lensed objects like IRAS F10214+4724 may be rare (Eisenhardt et al. 1996) . Second, the easy availability of the SUPERSCANPI IRAS data product allows us to co-add data for classes of similar absorbers and potentially to increase the IRAS sensitivity to interesting levels.
One could argue that the quasar absorption-line studies select against lines of sight passing through dusty galaxies with large molecular masses, because the quasars must be bright and blue in order for the optical absorption-line spectroscopy to have been done. There is evidence, in fact, that quasars with damped Ly systems along the line of sight are redder than those without, but that the dust-to-H I ratio is low compared to the Milky Way (e.g. Pei, Fall and Bechtold 1991) . However, the bulk of the dust and gas may be o set from the quasar, so that there may be more dust in these systems than is deduced from line-of-sight extinction. The advantage of the IRAS observations is that they complement the absorption-line studies since they are sensitive to the extended emission which we expect.
The study of the dust content of the quasar absorption-line systems is of interest not only for what it tells us about galactic properties, but also for what it implies for the distribution of quasars. It has been suggested that obscuration by dust in intervening galaxies causes the apparent decline in the observed number of luminous quasars at z >2.5 (Ostriker and Heisler 1984; Heisler and Ostriker 1988; Wright 1990; Najita, Silk and Wachter 1990; Ostriker, Vogeley and York 1990; Fall and Pei 1993) . Estimates of the magnitude of such an e ect are uncertain because so little is known about the dust content of high-redshift galaxies. Unseen quasars might contribute to the EUV background which photoionizes the Ly forest clouds, or might reionize the intergalactic medium.
In this paper, we report the results of a pilot study of quasar absorption line systems using the IRAS database. In Section 2 we describe the results of SCANPI analysis for individual absorbers. A number of IRAS sources are detected, which are good candidates for future follow-up radio observations. In Section 3, we describe the results of SUPERSCANPI analysis for two sets of quasar absorption-line systems: low-redshift Mg II absorbers, and high-redshift damped Ly systems.
Individual IRAS detections
A composite sample of 425 quasars with absorption-line systems was drawn from several sources. This sample is comprised primarily of the 353 absorption-line quasars from the catalog of Junkkarinen, Hewitt, & Burbidge (1991, hereafter JHB; see their Table 1 ). Thirty-eight additional objects are taken from Steidel and Sargent (1992) and Aldcroft et al. (1994) and are listed in our Table 1 . Finally, 34 damped Ly systems from Turnshek et al. (1989) , Lanzetta et al. (1991) , JHB, Francis and Hewitt (1993) , Wolfe et al. (1991) , and White et al. (1993) are included to complete the absorption-line sample, and are listed in Table 2 . Hereafter, we refer to this composite absorption-line sample as the AL sample.
IRAS SCANPI processing was carried out at the Infrared Processing and Analysis Center (IPAC 1 ) for all quasars in the AL sample. SCANPI processing combines all survey scans made by the satellite covering a speci c position on the sky, and yields the most sensitive ux limits possible from the survey observations. We found 78 objects with 3 detections in one or more bands. However, SCANPIs can report false detections due to noise events such as radiation hits, or in regions of complex backgrounds such as those in the vicinity of strong infrared cirrus emission. Therefore, for each SCANPI detection we reviewed the data using the interactive tool, XSCANPI. XSCANPI allows individual deviant satellite scans to be identi ed and removed. We eliminated 32 quasars with SCANPI detections, after examinations with XSCANPI. We did not review the SCANPI non-detections since it is unlikely that a SCANPI non-detection would become a detection using XSCANPI. In Table 3 we list the median ux densities and 3 upper limits for the 46 AL quasars with 3 detections in at least one IRAS band. Four of the AL sample quasars, Q0002{422, Q1038+064, Q1148+387, Q1206+439 lie in regions of the sky not covered by the IRAS survey, and thus had no SCANPI data.
The position of each detected quasar was inspected on the Palomar and ESO Sky Survey plates for nearby galaxies or very bright stars that might fall within the large IRAS 1 IPAC is funded by NASA as part of the IRAS extended mission program under contract to JPL. beam and contaminate the quasar measurements. The IRAS beam size at 12, 25, 60 and 100 m is 1.3x10 4 , 1.3x10 4 , 2.8x10 4 and 5.1x10 4 square arcseconds respectively.
The IRAS ux may be contaminated from nearby cirrus for quasars Q0402{362, Q0738+313, Q0823{223, Q1209+107, Q1327{206 and Q1901+319 (Low et al. 1989 , Laureijs et al. 1994 . Inspection of the location of each quasar on the 100 m Infrared Sky Survey Atlas plates (ISSA; Wheelock et al. 1994 ) revealed that they appear to be near obvious cirrus structures. One object, Q2128{123, was excluded from the list of detections despite detections at both 60 and 100 m, because its spectral energy distribution (Elvis et al. 1994) indicates an unrealistically high 100 m ux level and hence may be due to cirrus.
Only those objects with IRAS sources within one arcminute of the optical position were considered valid detections. Quasars Q0038{019, Q0226{038, Q0238+100, Q0458{020, and Q1517+239 have IRAS sources which are o set less than one arcminute from the quasar position. All objects except Q0226{038 and Q1517+239 have galaxies nearby which are probably the source of the IRAS ux. Q0955+326 has an IRAS source o set by two arcminutes, identi ed with NGC 3067.
We reviewed the fraction of quasars detected as a function of emission redshift and visual absolute magnitude. The histograms in Figure 1 indicate the fraction of AL sources detected in at least one IRAS band is roughly constant with visual absolute magnitude, while decreasing with increasing z em . We also calculated the radio-loudness (RL) for all quasars in the AL sample to see whether radio-loud quasars were preferentially detected. The radio-loudness is de ned as (c.f. Elvis et al. 1994) :
where f (5GHz) is the radio ux density at 5GHz (Veron-Cetty & Veron 1987) and f (V) is the V band ux density; a quasar is considered radio-loud if RL>1. In the AL sample, we found published radio data for 169 of the 425 AL quasars, and 168 of those are radio-loud while the remaining 256 were assumed to be radio quiet. Among the radio-loud objects (excluding the known BL Lac's and OVV objects), 17 3% (28 out of 168) have far-infrared detections in at least one IRAS band and 4 1% (11 out of 257) of the radio-quiet objects were detected in at least one IRAS band. Thus, radio-loud quasars were detected at a rate which is signi cantly higher than the radio-quiet quasars (at the 4 level), suggesting that the IRAS emission in many cases may arise from the quasar itself.
BAL QSOs
SCANPI processing was also carried out for the 145 broad absorption-line QSOs (BAL QSOs) listed in JHB's Table 2 . Each SCANPI was reviewed and the positions of each source were examined on the POSS and ISSA plates, as described above. There were no IRAS data available for Q1029{014, Q1039+012 and Q2241+002. Five BAL QSOs have high-con dence detections (> 3 ) in at least one IRAS band, and the data for these objects are listed in Table 4 .
Recent spectropolarimetry of BAL QSOs (Glenn et al. 1994) supports the model where all radio-quiet quasars are the same, and appear to be BALs if observed through special lines-of-sight (Weymann et al. 1991; Antonucci 1993) . In this case, we would expect the fraction of quasars detected as IRAS sources to be the same for BAL QSOs and non-BAL, radio-quiet quasars with the same distribution of luminosity and redshift. The BAL sample we studied has mostly z em >1.8. If we compare the fraction of detected to non-detected radio-quiet quasars in the AL sample with z em >2, the result is 7 out of 175 or 4 2% compared to 3 out of 145 or 2 1% for the BAL sample. (We eliminated the low-redshift BALs which were detected, Q1016-028, Q1235+181 and Q1700+518.) Thus BALs are detected at the same rate as non-BAL QSOs.
Spectral Energy Distributions
Since the large IRAS beam includes all absorber galaxies and the quasar itself, independent evidence is necessary to identify the origin of the far-infrared radiation. First, we examine the spectral energy distributions of the quasars from our sample as well as previous work. The relative rest-frame spectral energy distributions (SEDs) of the AL IRAS-detected sample and the BAL QSOs are shown in Figure 2 , including the IRAS uxes detected and V magnitudes listed in tables 3 and 4. In this gure, the spectrum of each source has been grey-shifted, to have the same ux density at 5500 A in the quasar rest-frame, assuming a power-law shape, f = , with = ?0:7.
Outlines of the ranges spanned by the SEDs of IRAS-detected quasars drawn from two other samples are also shown in Figure 2 . The spectra in these samples are grey-shifted and normalized in the same way as for the AL sample. The rst comparison sample was constructed using the 87 quasars reported by Neugebauer et al. (1986) , which were detected with pointed observations in at least one IRAS band. This set of objects has a wide range of magnitudes and redshifts. The second comparison sample is comprised of a set of 98 IRAS SCANPI-detected Palomar-Green (PG) quasars (Low et al. 1989) . PG quasars were chosen by their UV excess (Green, Schmidt and Liebert 1986) . The PG quasars were grey-shifted to the same ux density at 4400 A in the quasar rest-frame (since B magnitudes were available) assuming the same power-law shape and spectral index as above. Outlines of the overall spectral shape for each sample are placed on the same scale for the AL sample and BAL objects.
Although the quasars in the Neugebauer et al. and UV-selected PG samples have a wide range of magnitudes and redshifts, their SEDs are similar. On the other hand, the optical-to-infrared SEDs of both the AL and BAL quasars on average appear redder than those of either of the control samples. There are several possible explanations. It is most likely that the IRAS emission originates in the quasar and we have sampled the high-luminosity tail of the distribution. That is, we have detected the brightest 10% of the luminous quasars in the sample. In any individual case, however, it is possible that the excess infrared emission originates in an absorber galaxy or some other galaxy which happens to be in the beam. If the IRAS source is an absorber galaxy, then CO emission should be detectable (Walker et al. 1995) .
We can estimate how many other gas-rich galaxies we expect in the beam, given the statistics of the quasar absorbers themselves. The most sensitive IRAS band for galaxy detection is 60 m where the beam subtends a solid angle of approximately 2.8x10 4 square arcseconds. The e ective cross-section for Mg II absorption galaxies is 314 square arcseconds assuming a radius of 10 arcseconds (Bergeron & Boisse 1991; . Estimating 0.6 absorption systems per line of sight per unit redshift (Sargent, Steidel & Boksenberg 1988 ) then we expect one galaxy per 524 square arcseconds on the plane of the sky. Thus, each 60 m IRAS beam may enclose up to 53 gas-rich galaxies with z<1. This suggests that it is unlikely that a single absorber galaxy could dominate the IRAS emission, unless it is much more luminous than average.
Mg II Absorbers with Identi ed Galaxies
To test further the plausibility that the infrared emission is originating in intervening galaxies, we examined ve of the IRAS detected AL sample objects which have galaxies identi ed with the Mg II absorbers. The spectral energy distributions for the galaxies are plotted in Figure 3 using R lter photometry and galaxy redshifts provided by Lanzetta et al. (1991) for Q0235+164 and Q1209+107, Bergeron & Boisse (1991) for Q1229{012 and Miller et al. (1987) for Q1332+550. For comparison, the SED for Arp 220 placed at the redshift of each of the Mg II absorbing galaxies is also shown in Figure 3 (Gezari et al. 1987 ).
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All four of the Mg II absorbers have optical and far-infrared ux levels and colors roughly consistent with Arp 220, suggesting a dust mass and star formation rate in these systems comparable to that galaxy. However, the optical-to-near infrared colors of a larger sample of Mg II absorber galaxies measured by Steidel, Dickenson & Persson (1994) are considerably bluer than Arp 220 which has a rest-frame B-K = 4.4 (Gezari et al. 1987 ). This indicates that at least some of the infrared emission in the absorbers discussed here likely originates in the quasar. Note the BL Lac object 0235+164 exhibits a considerable excess of far-infrared emission relative to optical light, making it unlikely that much of the far-infrared light originates in the absorber.
For ve other quasars, Q0038-019, Q0428+-020, Q0955+326, Q1602+178 and Q2020-370, the associated IRAS sources are very bright and can be identi ed with nearby galaxies.
3. SUPERSCANPIs 3.1. Mg II Absorbers SUPERSCANPI processing combines all IRAS survey scan data for many di erent positions on the sky (IPAC User's Guide 1993). This coaddition provides a measurement of the average emission for the sample of objects. Moreover, if enough objects are coadded, the e ective sensitivity of the measurement is greatly improved relative to individual survey measurements.
SUPERSCANPI processing was done for a subset of 77 quasars in the AL sample known to have low-redshift (z abs < 1) Mg II absorbers. A control sample of 79 quasars that have no known Mg II systems with z abs <1 was constructed from the lists of Steidel & Sargent (1992) , Aldcroft, Bechtold & Elvis (1993) and Barthel, Tytler & Thomson (1990) . Control objects were chosen to have the same distribution of m V and z em as the absorber sample. Quasars with z em > 2:5 were excluded from the Mg II absorber sample since there were not enough high-redshift quasars without absorbers to construct a control sample. The Mg II absorber and control sample quasars are listed in Tables 5 and 6 , respectively. The mean m V for both the Mg II and control samples is 17.4. The mean and median values of z abs is 0.585 and 0.535, respectively.
The SUPERSCANPI median infrared ux levels for the Mg II and control samples are given in Table 7 . We quote the median combined uxes to minimize potential bias from a few bright sources. When there is no detection, 3 upper limits are listed. The Mg II absorber sample is detected in all bands, and is brighter than the control sample at 60 and 100 m and of similar brightness at 12 and 25 m. To investigate further whether the excess emission in the Mg II sample is caused by a bias from a few exceptionally bright quasars or absorbing galaxies, a subset of the Mg II absorption-line quasar sample was derived by discarding the 17 objects that had detections in one or more bands in the SCANPI processing leaving only those objects with 3 upper limits (Table 5) . Similarly, we constructed a control sample by eliminating nine objects with IRAS SCANPI detections from the original control sample. Ten other objects were removed to match the distribution of M V and z em in the Mg II sample. The median visual magnitude of quasars in the two \cleaned" samples remained unchanged. SUPERSCANPI processing was carried out for these cleaned samples, and the results are shown in Table 7 . As expected, when the brightest sources are removed, the median ux density of each sample is decreased except at 12 m. However, the cleaned Mg II sample is still brighter than the control sample at 60 m by 0.027 0:005 Jy.
One nal check of possible systematic e ects in the SUPERSCANPI results due to the environment of the Mg II absorption sources was made by carrying out SUPERSCANPI processing for positions o set 1 degree at a random position angle from each of the Mg II absorption line quasars. No signal was detected for these positions; 3 upper limits at 12, 25, 60 and 100 m were 9, 9, 12 and 69 mJy, respectively. This indicates there is no net far-infrared signal from the fty or so other galaxies which may be in the beam as estimated earlier, which is to be expected if the \contaminating" sources are uniformly distributed on the sky.
If the SUPERSCANPI ux is representative of the median characteristics of the objects in the ensemble, then the control sample median ux should de ne the quasar and non-absorbing galaxy contribution to the emission. The fact that the SUPERSCANPI processing yields nearly equivalent uxes for the two original samples at 25 m indicates that the Mg II and control sample are well matched. Background quasar light is expected to dominate at shorter wavelengths since quasars typically have much warmer infrared SEDs than infrared-selected galaxies (i.e. Low et al. 1988) .
The median SUPERSCANPI ux densities for the Mg II and control samples are plotted in Figure 4 . Also plotted is the di erence between the Mg II and control ensemble uxes. For reference, we have shown the SEDs of three classes of infrared bright galaxies shifted to the median redshift of the Mg II absorbers, z abs = 0:535: Arp 220, M82, a luminous starburst galaxy; and a composite L 60 galaxy typical of infrared-selected samples (compiled from Soifer et al. 1987; Smith et al. 1987; Gezari et al. 1987) . Figure 4 implies that the characteristic far-infrared luminosity of the Mg II absorber galaxies is slightly less than that of Arp 220 but larger than that of an L 60 galaxy or M82.
If the excess emission at 60 and 100 m is characteristic of the \median" Mg II absorber, the mass of dust associated with that emission can be estimated using the method discussed by Draine (1990) . Because the SUPERSCANPI results provide detections of the excess in only two bands, we must base this estimate on a single 75K dust component as evaluated using the observed color-corrected 60 and 100 m ux-densities. The mass of dust necessary to produce the observed emission in a galaxy at z=0.535 is 1.3x10 8 M (assuming a Planck-averaged dust opacity of 1.31 cm 2 gm ?1 , q o =0.5 and H o = 75 km s ?1 Mpc ?1 ). The observed color temperature of the emission is signi cantly warmer than the dust temperature observed in low-redshift infrared galaxies (Soifer et al. 1987) ; most likely because it is measured at the shorter wavelengths in the rest frame of the absorber. Due to the uncertainty whether the ux is from the absorbers or the quasar and how many absorbers contribute to the detection, this dust mass estimate is an upper limit at best. While this dust mass is large relative to \normal" infrared galaxies, it is by no means extreme when compared to that in ultraluminous systems such as Arp 220 and NGC 6240.
Again, the identi cation of the IRAS ux with the Mg II absorbers is inconsistent with the ndings of visible and near infrared imaging studies (e.g. Steidel et al. 1994) . These studies nd that the absorbing galaxies are not extraordinarily red or luminous. If the absorbers along the quasar sight lines produce the net signal, they must be much more luminous in the far-IR than their optical colors suggest and much more luminous than eld galaxies. It is not clear if or why quasar absorption line studies would select for such infrared-luminous absorbers. The alternative explanation for the SUPERSCANPI results is that quasar Mg II absorption line surveys select preferentially infrared luminous quasars via an as yet unknown selection bias.
Damped Ly Absorbers
SUPERSCANPI processing was also carried out for the list of damped Ly absorbers in Table 2 . As shown in Table 7 , there were no detections in any bandpass. At the median redshift of the absorbers, < z abs >=2.30, the limits are not sensitive enough to have detected Arp 220. The estimate of the number of gas-rich galaxies expected to be covered by the IRAS beam would again be very large.
Conclusions
We have searched the IRAS database for far-IR emission associated with various kinds of quasar absorption-line systems. We nd that about 11 2% (46 out of 425) of the quasars with known intervening absorbers, as well as about 4 2% (6 out of 145) of the BAL quasars, are detected in SCANPIs. Those objects detected have infrared-to-optical colors which are redder than those of two control samples of quasars we considered. While we expect that we have selected for unusually red objects since our IRAS detection rate is so low, it may be that some of the far-IR emission is associated with dust in the intervening absorber galaxies or, in the case of the BAL QSOs, the quasar host galaxies. We have begun a program of millimeter wavelength observations to test whether the IRAS emission is associated with the absorbers, since we expect that any objects detected with IRAS will have easily detectable CO emission (Walker et al. 1995) . Even the discovery of a few relatively peculiar objects (i.e. having very large dust and molecular gas masses compared with normal galaxies) will be of interest for further detailed studies.
ACKNOWLEDGMENTS
It is a pleasure to thank the sta at IPAC for their assistance in this project. This work was supported by a grant from the NASA Astrophysics Data Program, NAG-52428, NSF grant AST-9058510, and a gift from Sun Microsystems. This research has made use of the NASA/IPAC extragalactic database which is operated by the Jet Propulsion Laboratory, Caltech, under contract with the National Aeronautics and Space Administration. We would like to thank the anonymous referee for his/her advice on revisions for this paper. RMC is supported by the Jet Propulsion Laboratory, Caltech, which is operated under contract with NASA. Neugebauer et al. (1986) and the PG quasars (Low et al. 1989 ). The objects detected in the absorber sample and the BAL QSOs appear redder than the control samples. Fig. 3 .| The spectral energy distributions of the four galaxies identi ed with Mg II absorbers, which were detected with IRAS SCANPIs (see text for references). The lled pentagon is derived from m r . The dashed line is the SED of Arp 220 redshifted to z abs . 
